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PURPOSE AND SCOPE

The purpose of this investigation was to determine the maximum allow-
able driving edge pressure e{ Nylon and Boltaron rotating bands.

INTRODUCTION

Until recently almost all rotating bands were made from gilding metal,
and proved very satisfactory. During emergencie2, however, this material
is in great demand for many purposes, and therefore a substitute material
is desired. Plastics have been investigated as a possible substitute
material,' and some appear promising. The properties of these new materials
must now be evaluated.

One of the properties of interest to the desgner is the maximum
allowable driving edge pressure. This property _s a function of the mate-
rial, the geometry of the gun tube rifling, and the conditions of leading.
It is generally considered to be that pressure which will cause no measur-
able displacement of the driving edge. This displacement may occur as a
result of wear or as a result of elastic or plastic deformation of the
band.

The maximum allowable driving edge pressure is often determined by a
firing test. In a test of this nature, all the factors influencing this
pressure are preseit. The projectiles are recovered, the driving edge
displacement measured and the drving edge pressure is computed from
formulas. In the present test, a diffeient procedcre was employed. The
maximum driving edge pressure n this case was determined from static
tests. Ii this manner, the strain rate effect and the effects of wear
were eliminated. These effects can be considered separately, and used to
modify the results of thi- . estlgation.

NOMIENCIAq'UBE

D - Average bore diameter

D - Gun tube groove diametei

Dt - Gun tube land diameter

F - Elastic Modulus

Fa - Axial force on push rod

- Band length

N - Number of lands

Pb - Hadial band pressure

1COHR, GU.RRR, A Surey of Flasr s I~- Totattng Baris U), The frankltn Institute Laboratories
for Research aM Dcvelopnent, Contrict DA-36-o34-ORD-U15-RD, VAL No. 760/52-19(c),
30 April 1954.

-3



P1  - Internal radial pressure

Ta - Applied torque

Z - Ratio of axial distance to bore radius

6de - Driving edge displacement

0 - Gun tube tang- ntiaI strains

- \ngle of rifliug with axis of gun tube

- Coefficient of sliding friction

'de Driviri, edge pressure

TEST EQUiPMENT

The dismantled test setup is shown in Figure 1. It consists of a
standard 37mm gun tube section, modified as shown in Figure 2; a push rod,
shown in detail in Figure 3; a torque collar, shown in detail in Figure 4;
and an adjustable collar, shown in Figure 5.

The gun tube section was modified for purposes of this investigation.
The rifling was removed foi the first five inches to allow assembly of the
gun tube, torque collar, push rod, and rotating band. A new forcing cone
was machined at the end of this five-inch section. This was followed by
a 2.4-inch length of standard rifling shown in Figure 6. Beyond this
point, the rif!ing was removed to allow free passage of the bani for re-
moval at the muzzle end.

The torque collar shown in Figur' 4 fitted over the push rod and into
the slotted breech end of the gun tune. The internal splines of the
torque collar engaged longitudinal grooves in the push rod, while the ex-
ternal fins engaged slots in the gun tube. Mihen the torque collar was
engaged, no relative rotation between the gun tube and push rod was po,,-
sible at the torque collar. Opposing torques developed at. t' . driving
edge and transmitted tlhrough the g-rn tube and push rod were thus cancelled
at the torque collar.

The adjustable collar (Figuie 5) was us-d to disengage the torque
collar at the end of a test, and thus release the torque on the band.

The push rod was grooved longitudinally to slide in the torque collar.
The diameter at one section of the push rod was reduced to accommodate
strain gages used to determine torque. The lower end of the push rod was
splined to prevent the band from turning on the push rod.

I NS'IrIR \iN'I'ATI ON

SR-4 strain rosettes, Type \i-1, were mounted on the push rod as
shown in Figure 3 to determine torque. Strain rosettes, Type AX-5, were
mounted on the tube, as shown in Figure 2, to determine hand pressure.



The shaft was initially calibrated in a torque machine, and the resulting
calibration curve is shown in Figure 7. The torque gages were connected
in a four-armn bridge, as shown ir F"igure 3, and were self-compensating for
axial and beading strains.

The strains were read on SR-4 strain indicators, which were calibrated
in 10 micro-inch increments.

TEST PROCEDURE

A band we. 3 mounted on the push rod and inserted into the breech end
of the gun tube. The push rod was rotated until the torque collar was
engdged. The torque collar was then raised, and the band wa3 forced into
the rifling until engraving was complete. At this time, 'he torque collar
was lowered into the engaging position, and the torque reading strain in-
dicetor zevoed. The band was then pushed further into the tube until the
desired torque strain reading was developed. The torque collar was then
disengaged to remove the torque and the band was pushed through the tube.
The axial load and maximum tangential strain were read simultane3usly as
the band passed under the gages on the tube. The band was removed from
the tube at the muzzle end.

Fifteen Boitaron (6200) and fifteen Nylon (Zytel 101) bands were tested,
as described above. In general, three bands were tested at each of several
driving edge pressures. The results of these tests are listed in Tables I
and II.

GENEIAL CONS i )EAIAT IONS

Driving Edge Displace:nent

The groove of a rota ing band is formed in the forcing cone ci a gun
tube by the rifling which acts as a (lie. The band is plastically deformed
by the rifling and forced to conform to the rifling geometrv JAting en-
gravement. A pressure, and consequently a strain, is develore'I on both
walls of the groove by this engraving action. The driving edge of the
band, which constitutes one of these groove walls, is further strained
after engraving is completed by the inertia forces ac'companying the accel-
eration. As the driving edge is further strained by these inertia forces,
the opposite groove wall experiences a reduction in strain and consequently
recovers elastically. The geometry of the driving edge conforms to the
rifling geometry, at least while the driving edge stress is increasing,
but on recovery, tlhe opposite groove wall may not retain the 'fling
geometry. As the driving edge is unloaded after is has been ..rained
plastically or elastically, its geometry may also change.

The permanent change in groove width caused by driving edge pressure,
measured after the band has been unloaded, is generally considered to be



drivine edge cisplacement. The magni tude of this driving edge displace-
ment is therefore a measure of a change of dimension after the load
causing this change has been removed. An accurate measure of the driving
edge displace",ent would require the evaluation of the change in distance
between t,,o points on the band - one point on the driving edge and the
other point on the opposite groove hall, both points easily identifiable
before and after loading. A measurement of this type is very difficult
to obtain and was not attempted in this investigation.

In this in',estig':tion, t.he term "Driving Edge Displacement" will mean
the change in groove width due to torque, measured across the groove,
after removal of torque, between the points where the groove walls

become tangent to the outer periphery of the band, as shown in Figure S.

The tangent point adjacent to the driving edge of a torqued band was
not clearly identifiable with the corresponding point in the untorqued
band in this investigation. Thus the measured driving edge displacements

in this investigation were not true driving edge displacements. Instead,
they merely represent observations of the movement at the tangency point
due to applied torque. However, this observation in itself is sufficient
to determine the pressure at which permanent deformation commences since
a change in the position of the tangency point represents permanent

ceformat ion.

The geometry of a band changes as it is unloaded as mentioned previ-
ously. The band expands radially and circumferentially as the radial band
pressure is removed and the oand land expands circumferentially as the
drivira edge pressure is r-moved. Because of these changes in geometry,
which can be large .n ,aterials of low modulus, the groove width of the
unloided band may differ considerably from the mating gun land width. It
wou 11 be erroneous then to use the gun land' width as the true undeformed
band groove width. Instead, in this investigation the true undeformed
band groove width was determined by tests. A rotating band was engraved
and forced through the tube with no torque applied. The groove width of
this baid was then considered to be the uWdeformed groove width. All sub-
sequent driving edge displcements were based on this minimum groove width.

After testing, the ban'Is were mounted on a shaft and the groove widths
measured by, means of an optical comparator, a shown ip Figure 9, The
rving edge displacements were viewed from a posi tion perpendicular to

the periphery of the band. A photomicrograph of a typical observed surface
magnified 0 tLimes is shown in Figure 8.

The optien copprator was graduated in 0.OOam. Measurement of the
distance betwee-i two tlearly ideuitifiable points was thus possible to an
accuracy of t 0.00003037 inch. Measurements of groove widiih between two
refereic., poinrs 'iowev |r, varied by as m,'ch as - 0.0015 ,nch. This
rndcat ?d that the reference points were not interpreted identically each
time. The groove wi dtb was measured between the two points, shown in Fig-

tire 8 These point corresponded to the tangency points between the groove

-



wall and the outer periphery of to.e nand. % photomicrograph of a groove
profile magnified 200 times is sho'4n in Figure 10. It will be observed
that the edges of the groove are -ounied. The rounding of these edges
inLroduces some error into the measurement of groove width. When viewed
from above, as in FiLure 8, the change in slope of the groove walls near
the point of tangency tFiguie 10) appears as a line of demarcation between
light and dark areas. The rate of change of slope is thus seen to be the
deciding factor in determining the ccuracy of measurement oi the tangency
point. The limits of accuracy in measuring the tangency point are ± 0.0015
inch. This would indicate that a significant change in slope must occur
in 0.0015 inch of the tangency point. A photemicrograph of the groove
geometry in the vicinity of tke tangency point (Figure 10) shows a detect-
able change in slope in 0.0015 inch and explains the limits.

Evaluation of Ax

The apparent coefficient of friction, u, was required in order to
compute the ectual driving edge stress. This apparent coefficient of

friction was determined experimentally for each band that had an applied
driving edge pressure. In each case, the torque %as reduced to zero and
the axial force and band pressure determined sirultaneously. The coeffi-
cient of friction was then determined from the equatior developed in
Appendix A.

Radial Band Pressure Calculation

The radial band pressure was determined by the metaod outlined in
Reference 2 in which the ratio of outer su-'face strain to the internal
pressure Eeo/P i is given as a function of the ratio of axial distance to
bore radius Z. The maximum value of this %'atio was Ecq/P i = 0.55. The
Mr.aximum outer surface strain was determined when the band was under the
gage mounted on the tube. With the value of co and the ratio EEe/P i
known, the internal pressure, i.e., radial band pressure, Pb could be cal-
culated directly.

Driving Edge Pressure

The dri':ing edge pressure, ade, can be expressed as a function of the
applied torque, Ti, the radial band pressure, Pb, the apparent coefficient
of friction, p., and certain geometric parameters, by olving the torqie
equilibrium equation of the free body diagram shown in Figure 11. This
functional relationship is expressed below:

8Ta +p.<TI b ' (!Y. +D ) 2 sin d
O'd e = 1a+A7 b 19+D,-

N (Dg2 - D 2 )(1 -p. tal. )

2RD"O'SA'T, P. P., BLUHN, j. I., and FOWI, 0. L., Ejiitors, Thick-Walled Cylinder Handbook -

Stresses and Stratns in Elastic, Thick-Walled, Circular Cylind.rs Resultmng from Axially
Synnetric Loadings, hatertoke Arsenal Laboratory, W4L No. 8931172, 1 Decem.ber 195.
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The torque corresponding to the measured torque strain reading was read
from the calibration curve of Figure 7. This value of torque and the

value of radial band pressure, PI) , plus the appa.ent coefficient of fric-
ton, t, determined as described previously, along with the known geometric

parameters, were substitutet into the above equation to determine the
driving edge pressure, ')de. The error in driving edge pressure as deter-
mined in Appendix 13 is negligible. Values of driving edge stress, 0-de,
and the corresponding values of driving edge displacement, 8 de, are tabu-

lated in Tables I and II, and plotted in Figures 32 and 11.

Determination of the Maximum Allowable Driving Edge Pressure

The driving edge pressure, ade , was plotted as a function of the

oriving edge displacement, bde (Figures 12 and 13). These curves were then
extrapolated to zero driving edge displacement, and the corresponding pres-
sure read from the curve. This pressure was then considered to be the max-
imum allowable driviug edge pressure. For Nylon (Zytel 101) the maximum allow-
able pressure was 20,000 psi, while for Boltaron (6200) this pressure was

16,750 psi. The limits of accuracy of the maximu.,. -lowable driving edge
pressure are shown by the dotted lines in Figures 12 _.:d 13. These limits

were determined by the error in measuring the driving edge displacement,
8de- The limits for Nylon are * 6,000 psi and for Bolteron, these limits

are ± 4,250 psi.

I)ISCUSSION OF RESULTS

1. The results indicate that the maximum allowable driving edge pres-
sure tinder static loading conditions is 20,000 psi for Nylon (Zytel 101)

and 16,750 psi for Boltaron (6200). Ihese values may increase under dy-
namic loading conditions.

2 An approximate solution for the elastic displacement of Lhe driving
edge, Appendix C, indicates that for materials of low modulus, large
elastic displacements are likely to occur.

3. The approximatt solution of the elastic dr; "'ng edge displacements
(Appendix C) further indicates that the measurement of permanent driving edge
displacement after the load has been removed, as is often done in a firing

test, may not be sufficient to assure good obturation for materials at low
modulus. For these materials the total driving edge displacement while

under load should be determined. The method described in this report,

with certain modifications, could be adopted to measure the total displace-

ment.

i -8-



TABLE I

NYI.ON (ZYTEI. 101) TEST RESULTS

Force to Ra D r(

Overc oe ApplIed Pre-SUre

Band Friction Torqu" Pb 0de Sde
No. Uth) (ir -10 psi 1 psi (in.)

31 00 00 -. 0006
32 0e 00 4.0006

3 0 00 +.0004
19 860 1771 7636 .049 20,855 +,0009
20 930 1771 7908 051 20,809 .0011

21 900 1771 8726 045 20,787 4. 0012
5 1050 2214 7854 058 2 .71 4. 0015
7 960 2156 7417 056 25,280 4.0047

11 690 2 214 7363 .041 25,708 4.0021
6 800 2666 6927 .050 30,928 +.0043

14 770 2666 7908 .04' 30,894 +.0050
10 780 3318 8181 041 36, 023 +. 0077
15 960 3118 8181 051 36,225 4.0065
9 800 3378 8181 043 39,043 +.0085

16 960 3378 79C8 053 39,21 9 M. 0988

TABLE II

BOLTARON (6200) BAN) TEST RESULTS

Force to Rind

Overcome Applied Pressure

Band Friction Torque $b Ode 
8de

No. (ib) (in -Ib) jsi psi (in.)

1 780 0 4909 .069 0 -.0008
2 780 0 4254 080 0 +.0008
3 780 0 4354 083 0 -.0007
4 1075 1771 5464 086 21,127 4.0014
5 1080 1771 4363 108 21,175 4.0035
6 1165 1771 4909 103 21,251 +.0032
7 1010 b214 4909 089 26,117 4.0049
8 1145 2214 4909 .101 26,289 +.0077
9 780 2214 4909 .069 25,861 +.0061

10 876 2685 5181 073 31,332 +.0089
11 875 2655 5464 070 81,081 r. 0100
12 1060 2685 5999 .077 31,244 +.0073
13 1300 3119 5454 .104 -6,758 +.0121
34 1050 3119 4909 .093 36,171 +. 0138

15 805 3119 4909 .071 36,210 +.0172
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APPENDIX A

DETERMINATION OF COEFFICIENT OF FRICTION

The coefficient of friction, 4, acting over the periphery of a
rotating band can be expressed as a function of the radial band pressure,

Pb, and the axial force, Fal when the applied torque is zero. This is
accomplished by solving the equations of equilibrium for g. The equations

for equilibrium of forces and torques can be developed from a considera-
tion of Figure 11.

2 Fz = 0

F _E )(a )g Cos (k. (1)

I TZ 0

Ta = de t N g ) (1 - u tan 'k)

- 'b +~5D D~sin 4) (2)
(D n g ) g

If Ta = O

Id Pb 7T(Dg + Dt) sin 4 (2a)
'd e -N(Dg -Dt)(l -/. tan 4)

Substituting Equation 2a into Equation 1,

A pb 7T (D +Dt)t sin € tan 4> + /L sin 0-- + .9os + ( .
Fa 2 K tan

since 5 =60

sin € tan << cos

sin € tan P can be discarded.

-l11-



2 cFa -cos q5- L sinq + p sin q b (4)

Pb N (Dg D ) " " - j tan q5

The right-hand side of Equation 4 can be expanded is an infinite
series in tan : and u as follows:

2 a  = Cos !(I - tan (P+ p 2  tan2 h+  3 tan3 + .. ) (5)
Pb (D, + DO-)

tan P = tan 60 = .1G51 = 1/9.5

cos P = cos 60 = .9945 1 i

P b 7 ( =( 4 + J - + 't)5 9 ( 9 5 ) 3 + ( 6 )

The above series in IL converges for values of /1 < 9.5. That U must
be less than 9.5 can be seen by considering the left side of the equation.
If the left side is finite, as it is in this case, the series must con-
verge. For the case where the series converges, a good approximation of
u can be obtained by considering only a finite number of terms in the ex-
pansion. It can also be observed that when the higher order terms are
neglected, the resulting value of u is higher than the true value. There-

fore, if wc neglect ail but the first term as an initial approximation,
the resulting value of u will be higher than the true value. If this

resulting value of u is substituted back into Equation 6, the error in-

volved by neglecting the higher order terms can be estimated.

-12-



APPENDIX B

ERROR ANALYSIS OF DRIVING EDGE PRESSURE

The driving edge pressure, Ode' can be expressed as a function of the
applied torque, Tat the radial band pressure, Pb, the coefficient of fric-

tion, u, an~d certain geometric parameters by solving the torque equilibrium

equation of the free body diagram shown in Figure 11. This functional
relationship is expressed below:

O'd 8 Ta + A Pb 7 t (Dg +Dt)
2 sin 

(

t N ()g2 - Dt2 )(1 - A tan 9)

The magnitude of the terms, Ta, Pb' and p appearing in Equation 1 are sub-

ject to certain inaccuracies. The cumulative effect of these inaccuracies
on the magnitude of the 0 de will constitute an incremental error, dode.

This incremental error, do'de, can be expressed as a percent of 0-de by
multiplying the ratio, dade/0de2 by 100

percent error = drde x 100. (2)
7de

The incremental error, dode, can be determined by differentiation.

dOde =d_._de d Ta + de dPb + dg (3)
Te ph

where ade 8(4)
6 Ta  N (Dg2 - Dt2 )(I - tan ()4

e r (Dg + D{) 2 sin q

'a Pb N(Dg2 -Dt2)( -I t tan 0) (5)

-13-



LI

'de 1
/L N(Dg - Dt 2)(1-p. tan (P)

{7 Ph(Dg2+Dt2)sinbk+ [8Ta+ 7Pbt(Dg+Dt)2 SineMtan J

- tanb)

The above equations will be solved for a particular band, Boltaron Band
No. 4 of this investigation.

-- = 11.43
BTa .701 n. 3  (7)

'a de 0.245
- .175

Pb 1.403

- 13,375 psi (9)

whcre ' 0.5 inch

N = 12

Dg = 1.497 inch

Dt = 1.457 inch

Ta = 1771 ± 19.3 in -lb

Pb = 5454 ± 272.7 psi

j = 0.0856 1 0.01

dOde d + d + de

2-de dT + ' dP b + S du (10)
d r d e '3 - a a Z P b Z / I

d ode 11.43 x 19.3 + .175 ' 272.7 + 13,375 x .01

= 221 + 47.7 + 133.8 402.5 psi

% Error = IOOX dOde 402.5

Ode 21,127 X100 1 9%

-14-



I
APPENDIX C

DRIVING EDGE DISPLACEMENT

The total driving edge displacement of a rotating band, excluding
that due to wear, consists of an elastic or recoverable displacement plus
a plastic or permanent displacement. The elastic displacement for mate-
rials of high modulus, such as copper or iron, is generally small aad can
be disregarded without introducing any significant error in the total
displacement. Thus, for example in a firing test, the measured displace-
ment of the driving edge of the recovered bands does not. include the
elastic displacements which were recovered when the band left the tube.

The elastic displacement of the driving edge for materials of low
modulus, such as plastics, may be quite large and hould be considered in
the total displacement. The total driving edge displacement can be ex-
prested as a function of the normal stress, O*x, on planes parallel to the
driving edge; the yield stress of the material, oe; the elastic and plastic
modulus, E and E'; and a length parameter for a band loaded as shown in
Figure 14.

d8
- = 6(1)dX

El = T x > X, (2)

06+ e X > X (3)E E'

XI  X2

S f e2 dX + f E1 dX . (4)
0 x1

Substitution of Equations 2 and 3 into Equation 4 yields:

S I f-, dX + f -- dx ()
- X15E



where 8 = driving edge displacement

x = normal stress on plane parallel to driving edge

Ole - yield stress of material

E = modulus of elasticity

E' = modulus of,plasticity

XI = distauce from driving edge over which normal stress
exceeds yield stress

V

2  width of land.

When the maximum normal stress, oxmax, does not exceed the yield stress,

re$ the first two integrals on the right side of Equation 5 are zero and

the totaJ displacement is elastic.

X2 a
8 r X - dX where ox < e • (6)

For identical loading conditions (Figure 14), the stress distribution
would be the same for all materials, provided the yield stress of the mate-
rial is not exceeded. In that event, the elastic driving edge displace-
ment, 8, would vary inversely as the elastic modulus E. The elastic driving
edge displacement of one material can then be expressed as a function of
the elastic driving edge displacement of a second material.

81= E2  (7)
2 -E1

To illustrate the significance of this fact, the elastic driving edge dis-
placement of nylon will be expressed as a function of the elastic driving
edge displacement of copper:

Ec = modulus of copper 16,000,000 psi

En = modulus of nylon = 230,000 psi

Then, 8nylon ' 70 8 copper.

Thus, if the elastic driving edge displacement of copper were . the
order of 0.0001 inch, the corresponding elastic driving edge displacement
for nylon would be of the order of 0.007 inch.

-16-
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